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Enzymatic activity of soluble phospholipase does not affect
the specific IgE, 1gG4 and cytokine responses in bee sting
allergy
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Summary

Background The soluble bee venom phospholipasg @PLA) represents the major
allergen/antigen for allergic and hyperimmune individuals following bee sting. A number
of studies implicate enzymes, and PLA in particular, as potent allergens. We have studied
specific activation of T cells by enzymatically active and inactive mutants of PLA, and
secretion of cytokines regulating IgE and IgG4 antibody formation.

Methods Recombinant (r) wild type PLA (rPLA-WT) and an enzymatically inactive rPLA
(rPLA-H34Q) were produced iischerichia coli Eleven bee venom allergic patients and
three hyperimmune, healthy individuals were included in the study. After specific stimula-
tion of PBMC with the rPLA variants, proliferative response, fNL-2, IL-4, IL-5, and

IL-13 production, as well as total and PLA-specific IgE and IgG4 production, were
analysed.

Results Similar levels of specific B cell recognition, proliferative and cytokine responses
were observed after stimulation with either enzymatically active or inactive rPLA. In
addition, equal amounts of antigen-specific and total IgE and IgG4 antibodies were
produced by stimulation with both forms of rPLA.

Conclusions The enzymatic activity of PLA does not influence the specific activation and
cytokine production by T cells from bee venom-sensitized or hyperimmune individuals, or
the IgE/IgG4 antibodies synthesis by B cetisvitro.
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Introduction and normal immunity to allergens depends on IL-2 and

L - . . . IFNy secretion [6,7].
Allergic diseases are clinical manifestations of excessive . .
A number of studies have suggested that enzymes in

IgE antibody (Ab) responses occurring in some individuals " .. . :
fgllowing ex);)ésu)re topenvironmental gntigens. In addition particular appear to be potently allergenic [8-14]. Besides

classical allergens are also strong inducers of 1gG4 Abthe soluble PLA, acid phosphatase and hyaluronidase are

. . . . nown allergens in bee venom allergy [15]. Furthermore,
[1,2], reflecting normal immunity to the antigen. Allergen- .
e AR . several of the house dust mite allergens are known to be
specific Th cells from atopic individuals generally display enzymes [16—20]. For instance, Der p 1 shows sequence
TH, type cytokine patterns with only little IFNproduction Y ’ ' b 9

[3]. The Thy cytokines IL-4 and IL-13 are potent inducers of F106T0:\c}lgoileg?/:rnzy;nZsinfm;]ottr;]eercﬁsigieprorts; Zitafalcx;gs
IgE synthesis [4,5], while IFM acts as an IgE inhibitor : » papain, Y P '

[3,5]. In contrast, IgG4 Ab production by memory B cells found to induce asthma in exposed subjects [21].. Varlous
enzymes, such as metalloprotease, Mn-superoxidedismu-

tase, aspartic proteinase, and peptidyl-praigltransiso-

Correspondence: Dr C. A. Akdis, SIAF, Obere Strasse 22, CH-7270 Davognerase. were d_emons'trated to b? .aIIe-rgens of the mould
Platz, Switzerland. Aspergillus fumigatuf22,23]. In addition, it was shown that
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a proteinase fromAspergillus fumigatudlirectly induces activity does not influence cellular and humoral immune
human epithelial cell detachment [24]. It was also demon+tesponses in bee sting allergy.
strated that the acid protease secretehpdida albicans
is an important allergen i€. alb-related mucosal allergy :
[25]. Up to now, it has been unclear why this category OfMaterlaIs and methods
proteins especially provokes allergic immune responses,
and whether the enzymatic activity and specific function
of the enzymes play a role in the development of allergy.
The soluble PLA is the major allergen and immunogen inEleven bee venom allergic patients (mean age: 33 years),
bee venom-sensitized individuals [26,27]. Generally, beevith a history of severe systemic allergic reactions of grade
stings elicit anti-PLA Abs that recognize conformational, Ill-1V [41] after a bee sting, and three hyperimmune,
discontinuous epitopes [28]. In a normal immune responsehealthy individuals were included in the study. All allergic
low affinity IgG1 anti-PLA Abs are initially detected [1,2]. patients demonstrated positive intracutaneous reactions to
High-affinity 1gG4 anti-PLA Abs are generated after honey bee venom (ALK, Horsholm, Denmark) at <4@/L
repeated exposure [2,29], or by prolonged specific immuand bee venom specific serum IgE Abs2kU/L, as
notherapy of allergic patients [30,31]. In contrast, indivi- estimated by CAP assay (Pharmacia Diagnostics Co.,
duals allergic to bee sting develop IgE anti-PLA Abs Uppsala, Sweden).
[26,29-31]. PLA is a biochemically well-defined single
chain glycoprotein of 14—16 kDa, consisting of 134 amino
acids [32,33] with a single carbohydrate side chain atR
position Asn13. The protein contains five intrachain dis-
ulphide bridges, as shown in the 3D-structure, resolved byative phospholipase A (nPLA) was purchased from
X-ray crystallography [33]. Besides a calcium ion and itsBoehringer AG (Mannheim, Germany). IL-2 and IL-4
binding loop, the three amino acids His34, Asp64, andwere obtained from Novartis AG, Basel, Switzerland. Solu-
Tyr87 are involved in the catalytic mechanism of PLA ble CD40 ligand (sCD40L) was produced from the trans-
[34]. The His residue at position 34 of PLA is crucial for fected cell line 8—40-1 [42], originally generated by Dr P.
a functional catalytic centre. The hydrolytic activity toward Lane (Institute for Immunology, Basel, Switzerland), cul-
the 2-acyl group ofL-1,2 diacylphosphatides is directed tured for 3days in CG medium (Vitromex, Vilshofen,
preferentially against substrate aggregates, such as cdHermany). It was standardized according to maximal IgE-
membranes, micelles, monolayers, or vesicles. Moreoveinducing capacity, in a 12-day culture of PBMC costimu-
an important biological function of PLA consists of releaselated with 25 ng/mL IL-4 [7]. Supernatants from the corre-
of arachidonic acid from phospholipids. This fatty acid sponding untransfected cell line J558 L (kindly provided by
plays a key role in cellular regulation as an intercellularDr M. Reth, University of Freiburg, Germany) were used as
and intracellular messenger, but is absent as a free fatty ac@bntrol.
from most tissues and cells [35]. PLA was also found at
inflammatory sites, such as peritoneal exudates and in
human rheumatoid arthritis [36]. Therefore, it could be
suspected that PLA affecting cell membranes, and cel
signalling in particular, can display direct effects on immu-PLA has been cloned and produced as an inclusion body
noregulation. protein inE. coli. Formation of enzymatically active rPLA-
Mast cell degranulation can be induced by basic moleWT with full lipid binding affinity required an additional
cules [37], and PLA (pk7.76) was shown to express a step of protein refoldingn vitro [33,43]. The enzymatically
degranulatory activity on mast cells [38—40]. In the preseninactive H34Q point-mutated PLA variant rPLA-H34Q, in
study, we investigated the binding capacity of specific andvhich H34 was replaced by GIn, has been generated as
nonspecific B cells, T cell activation, cytokine production, described [40].
and their regulatory effects on IgE and IgG4 synthesis, in
response to rPLA-WT or the enzymatically inactive rPLA-
H34Q. We demonstrate_ that rPLA-H34Q binds to amigenproduction of IPLA-WT
presenting cells (APC) in equal amounts, compared to the
wild type form. Moreover, rPLA-H34Q induces similar A synthetic gene encoding the mature form of PLA was
proliferative cytokine responses and Ig isotype synthesi€xpressed irE. coli. This enzyme was produced as a N-
in PBMC from bee venom-sensitized or hyperimmuneterminal 6xHis-tagged protein, yielding between 40 and
individuals. Thus, we conclude that the PLA enzymatic50 mg/L of culture.

Subjects

eagents

Froduction of enzymatically active and inactive rPLA

© 1998 Blackwell Science LtdClinical and Experimental Allergy28, 839—-849
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Production of rPLA-H34Q non-specific EBV-B cell line BuB from the same donor
[45]. The BuB1 cells produce monoclonal Ig@&nti-PLA
antibodies [45]. Cells (150xL) were incubated with
eI:ITC-IabeIIed rPLA (0.64 FITC/PLA) [46] for 10 and
120 min. Mouse 1gG1-FITC was used as control. The cells
were washed with 5 mL HBSS and fixed in 2% paraformal-

flanking T7 primer (Stratagene, La Jolla, CA, USA) and h | vsi f .
the synthetic gene encoding wild type PLA in a pBIuescriptde yde. Fluorescence analysis was performed on an Epics
Profile flow cytometer (Coulter Corp.).

Il SK vector as the template [43]. The PCR reactions were
performed in 10QL, containing the appropriate buffer,
200um of each deoxynucleotide triphosphate, % of  Enzymatic activity and toxicity of PLA

each 5 and 3-primer, 10ng of target DNA, and 1U of . .
Vent DNA polymerase (New England Biolabs, Schwalbach The enzymatic activity of nPLA and rPLA-WT was deter-

Taunus, Germany). The samples were subjected to thmed by a spectrophotometric assay as described in [47].
' any). mp ) . %riefly, 10ng PLA was added to different amounts of the

cycles of amplification, consisting of denaturing for 1 min short chain substrate di@hioPMe ([racemic 2,3-Bis(hex-

at 95°C, annealing for 1 min at 4%, and extending for !

. . . anoylthio)propylphosphomethanol Lithium Salt], a gift
i-(;gldnitig:]s72)ec):(,0;0|tlong t?(/e %asnncgglliis Ltjgg]erer'g; r;falce\ll\llafrom Dr M. H. Gelb, University of Washington, Seattle,
: ' P g temp PJSA). Vmax Was determined by using a kinetic microplate
raised to 50C. The PCR product was purified by agarose . o
. . X eader (Molecular Devices) and monitoring the OD at
gel electrophoresis and recovered with GeneClean (Bio 10 05 nm for 8 min

Inc., La Jolla, CA). This mutant gene fragment was digested The cell toxicity of PLA was assessed by viability and

with SpH and Hindlll and cloned into the same restriction . : .
sites of the wild type PLA expression construct [43] Theproln‘era’uon assays of peripheral bloqd mononuclear c_ells
| (PBMC), EBV transformed B cell lines and cytotoxic

presence of the mutation was conflrmeq by DNA sequen, mphoid line cells. Concentrations of less thanus0mL,
cing, and a construct carrying the correct insert was selecte : ; .

. . as used in our experiments, were non-toxic.
for protein expression.

The site-specific substitution of the His at position 34 with
GIn was introduced by PCR. A gene fragment carrying th
H34Q mutation was amplified using the primerACG-
CATGCTGTCGCACCCAGGACA-3 together with the

T cell cultures

_ ) _ PBMC were isolated by Ficoll (Biochrom KG, Berlin,
The expressed proteins (50mg) were dissolved in 7Mgermany) density gradient centrifugation of peripheral
guanidine-HCI, 0.3M Ng50; (pH8.3), at a concentration yenous blood. Cells were washed and resuspended in
of 0.5mg/mL, and a 1/20 volume of Thannhauser reagenkpm| 1640 medium supplemented as previously described
[44] was added to sulphonate the cysteine thiols. The3g]. The induction of PLA-specific T cell cultures and
solution was dialysed twice for 4 h against 3.5 L of a freshly egtimulation for determination of Ag-induced cytokines
made solution containing 2M urea, 4mM EDTA, 0.1M a5 performed as previously reported [30]. Briefly,® 10
NH,CI and 20mM sodium borate at pH8.3. Then, 56 ML cejis/mL were stimulated in a 24-well tissue culture plate
of 0.5M cysteine in water and 17.5mL of 0.2 M cystine in (Costar Corp., Cambridge, MA, USA) withun of PLA
1M HCl were added to the dialysis buffer, the pH adjustedyreparations. Cultures were expanded in medium supple-
to 8.3 with 10 M NaOH, and dialysis continued in the dark. mented at day 7 with a mixture of IL-2 (25 U/mL) and IL-4
The protein solution was decanted and dialysed againgbs ng/mL). After 12days, cells were harvested, washed
50mM Tris-HCI, pH9.0 at 4C. The solution was loaded three times with PBS and resuspended in 1 mL medium in a
onto a SP-Sephadex C-25 (Pharmacia Diagnostics Cog4.well plate. Restimulation was done in duplicate with
column, previously equilibrated with SP buffer, and thelum of the same antigen as before, in the presence df 10
protein was eluted with a linear gradient of 50mM to gytologous, 3000 Rad irradiated, PBMC. Supernatants were
750 mM Tris-HCI buffer (pH 9.0). Protein-containing frac- harvested 16 h later for determination of IL-2 and IL-4 and
tions were pooled, dialysed against 5mm acetic acid, andg p, |ater for IL-5, IL-13 and IFN. T cell proliferation was
lyophilized. determined in triplicates, by stimulating<20°> PBMC in
200uL medium with various concentrations of PLA, in 96-
well flat bottom tissue culture plates for 5days. They were
pulsed with 1 pCiiwell of [*H]thymidine (DuPont/New
The cell binding capacity of PLA and PLA variants England Nuclear, Boston, MA, USA), and incorporation
was determined in the PLA-specific Ebstein-Barr virusof labelled nucleotide was determined after 20h in a LKB
(EBV) transformed human B cell line BuB1 and the PLA beta plate reader (Wallac, Pharmacia, Turku, Finland).

Refolding of rPLA

FACS analysis

© 1998 Blackwell Science LtdClinical and Experimental Allergy28, 839—-849
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Quantification of cytokines Quantification of PLA-specific and total IgE and IgG4

The solid phase ELISAs for IFN IL-5, and IL-13 were IgE and 1gG4 anti-PLA contents in culture supernatants
as described before [7,30]. Briefly, 96-well microtiter were measured in duplicates by ELISA [6,7,30]. PLA-
plates (Maxisorb, Nunc, Roskilde, Denmark) werecoated plastic plates (Maxisorb, Nunc) were incubated
coated with MoAb 43-11 to human IFNand developed with the culture supernatants. Biotinylated anti-IgE mAb
with biotinylated MoAb 45-15 and peroxidase labelled 6—-7 (Novartis AG) and peroxidase-labelled ExtrAvidin
ExtrAvidin (Sigma Chemicals Co., Buchs, Switzerland). were used, to develop IgE anti-PLA Abs. Aptd MoAb
The sensitivity of the IFN ELISA was< 10 pg/mL. Anti- RJ4 (Oxoid Ltd, Basingstoke, UK) and peroxidase-labelled
IFNy MoAbs and IFN, standard were gift from Novartis antimouse Ig antibody (Tago Inc., Burlingame, CA) were
AG. IL-5 was determined by using MoAb TRFKS5 for usedinIgG4 anti-PLA ELISA. Sera from patients allergic to
coating and biotinylated MoAb JES15A10 for detection bee venom were calibrated with RAST (Pharmacia Diag-
(MoAbs and IL-5 standard from PharMingen, St. Louis, nostics Co.) and used as IgE anti-PLA standard [7]. Human
MO, USA). The detection limit of the IL-5 ELISA was PLA-specific IgG4 MoAb BVA2 was used as 1gG4 anti-
50 pg/mL. For the detection of IL-13, the MoAb JES10— PLA standard [28]. The sensitivity of these ELISAs
2F9 (DNAX, Palo Alto, CA, USA) was used for coating. were< 0.15ng/mL of IgE anti-PLA and< 0.2ng/mL of
Recombinant IL-13 from PeproTech Inc. (Rocky Hill, NJ, IgG4 anti-PLA.
USA) was used as a standard. Rabbit anti-IL-13 (Pepro- Total IgE was determined by sandwich-ELISA, using
Tech Inc.) and alkaline phosphatase-labelled goat antianti« MoAb 14—-41 (Novartis AG) for coating and biotiny-
rabbit Ab (Zymed Labs. Inc., San Francisco, USA) werelated MoAb 6—7 for detection. The detection limit was
used for detection. The detection limit was 300 pg/mL of0.2ng/mL of human IgE standard (Behringwerke AG,
IL-13. In this case, the chromogenic substrate 4-nitropheMarburg, Germany). Mouse an{4 MoAb RJ4 and peroxi-
nyl-phosphate-disodium-hexahydrate (E. Merck, Darm-dase-conjugated anti-human IgG (Sigma Chemicals Co.)
stadt, Germany) in diethanolamine buffer, pH9.8, waswere used to quantify total IgG4. The detection limit of
used. IgG4 was 0.6 ng/mL of WHO reference serum 67-97.

IL-2 activity was measured bSfiJthymidine uptake of
CTLL cells, as described [48].

IL-4 was measured by coating with MoAb 8F12 and
biotin-conjugated MoAb 3H4 (both from Novartis AG) and
peroxidase-labelled ExtrAvidin was used for detection. TheResults
detection limit was < 100 pg/mL.

Enzymatic activity and specific IgG binding of PLA
preparations

Induction of PLA-specific and total IgE and IgG4 The enzymatic activity of nPLA and rPLA was determined

For PLA-specific IgE and IgG4 induction, Ag-specific T cell by a spectrophotometric assay, using the substrate- diC
cultures were generated by stimulation and expansion witthioPMe [47]. As shown in Fig. 1(A), nPLA and refolded
1uM of rPLA-WT or with rPLA-H34Q, in the presence of rPLA-WT possess similar enzymatic activity, whereas
IL-2 and IL-4. At day 12, washed cells (28.0°) were  rPLA-H34Q had no catalytic activity to the substrate.
reconstituted together with 2x610° freshly purified auto-  Different batches of refolded rPLA-WT had g, Kof 75%
logous B cells in 50@L of insulin and transferrin-supple- to 91% of nPLA (data not shown). To control refolding of
mented medium. After an additional 12 days of culture withrPLA-WT and rPLA-H34Q, the human 1gG4 anti-PLA
0.6x10~% uM of the same PLA preparation, supernatantsMoAbs BVA1 and BVA2, recognizing a similar discontin-
were harvested for determination of IgE and 1gG4 anti-PLAuous epitope [28], were used. As demonstrated for BVA2
concentrations. (Fig. 1B), the PLA variants possess similar binding capacity

The IgE and IgG4in vitro production was studied as and may therefore display a similar three-dimensional
described [7]. In 48-well tissue culture plates, ®B°  structure. We also examined the binding capacity of
PBMC were stimulated with 25ng/mL IL-4 and 25% serum IgE and 1gG4 anti-PLA Abs from pooled serum of
sCD40L, in the presence of 0, 0.01, 0.1 angM. of bee sting-sensitized patients. We observed that nPLA,
rPLA-WT or rPLA-H34Q. The supplemented RPMI-1640 rPLA-WT, and rPLA-H34Q bind to the same extent to
medium (0.5 mL/well) was supplied with 4@/mL human serum IgE and 1gG4 anti-PLA Abs, whilst the unrefolded
transferrin and 4g/mL bovine insulin (both from Sigma rPLA-WT was not recognized by the specific isotypes (data
Chemicals Co.). not shown).

© 1998 Blackwell Science LtdClinical and Experimental Allergy28, 839—-849
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Fig. 1. Enzymatic activity and antibody binding of different PLA.
The kinetics of nPLA and rPLA-WT are alike and the pointmutated
rPLA-H34Q showed no enzymatic activity towards the substrat
diC6-thioPMe (A). The antibody BVA2, recognizing a conforma-
tional epitope, binds to nPLA, rPLA-WT and rPLA-H34Q with a
similar affinity, whereas unrefolded rPLA-WT (rPLA-WT unref)

e

Uptake of PLA by B cells does not depend on its enzymatic
activity or on B cell specificity

It was shown that Th cell clones proliferate equally well in
response to the PLA presented by either specific BuB1 or
non-specific BuB cells [45]. This effect was not related to
different levels of MHC class Il expression by the EBV-B
cell lines [45]. We investigated, whether the enzymatic
activity of PLA plays a role in antigen uptake by the
APC. Both BuBl1l and BuB cells were incubated with
FITC-labelled rPLA-WT and rPLA-H34Q. After 10 min,
there was significant binding of PLA compared with the
control (Fig. 2). We observed an increase in mean fluores-
cence at 120 min, indicating that not all PLA molecules
were bound to the APC within the first 10 min. PLA was not
detectable after 7 h in the medium, as determined by HPLC
with a C4 column (12%2mm, 300A 5 um) that was
developed with a linear acetonitrile gradient (data not
shown). Enzymatic activity did not alter the APC binding
of PLA, either in antigen-specific or unspecific APC.

Enzymatic activity does not influence specific T cell
proliferation

In order to elucidate whether the PLA enzymatic activity
may influence the specific proliferative T cell response,
enzymatically active and inactive rPLA preparations were
used to stimulate PBMC. In a first experiment PBMC
proliferation to different doses of PLA was established
measuringfH]thymidine incorporation @H]TdR). In

Fig. 3(A) it is demonstrated that both rPLA-WT and the
mutated rPLA-H34Q generate similar responses and reach
plateau values at AM of antigen. Therefore, this concen-
tration was used to stimulate PBMC of 11 bee venom
allergic and three non-allergic, hyperimmune individuals
with both PLA variants (Fig. 3B). Again, at this concentra-
tion it appeared that, independent of an enzymatic activity
of the protein, there was no difference in proliferative
response. The mean proliferative responsesgm) to 1um

of antigen was the same with rPLA-WT (117662569
cpm) and rPLA-H34Q (1585Z 5389 cpm). PBMC from
the three hyperimmune individuals do not respond differ-
ently, compared with the allergic patients.

Enzymatic activity of PLA does not alter cytokine
production

Distinct cytokine profiles direct immune responses towards
normal reaction or allergic inflammation. Figure 4 shows
allergen-induced cytokine production in response to enzy-
matically active and inactive rPLA. PBMC from bee venom
sensitized donors were specifically stimulated and expanded

shows no IgG4 Ab binding (B). The data are representative for 10vith either form of rPLA, in the presence of IL-2 and IL-4.

rPLA batches.

Cytokines were measured after washing and restimulation

© 1998 Blackwell Science LtdClinical and Experimental Allergy28, 839—-849
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Fig. 2. Enzymatic activity of rPLA has no effect on APC binding. PLA-specific BuB1 and nonspecific BuB cells were incubated with FITC-

labelled enzymatically active (rPLA-WT-FITC) or inactive (rPLA-H34Q-FITC) rPLA for 10 min (filled) and 120 min (open). FITC-
labelled mouse IgG1 was used as control for 2 h (dashed line). There was no difference between the amounts of bound rPLA or the speed of

binding observed for enzymatically active and inactive rPLA. Due to its high affinity for lipids, similar amounts of rPLA bound to

nonspecific and to specific APC.
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30 - by different patients demonstrates the equality of the two
(a) antigens used. The cytokine secretion by PBMC from
allergic donors was not significantly different compared
25| with the PBMC from hyperimmune donors.
20 Induction of PLA-specific IgE and IgG4 Abs by rPLA-WT
and rPLA-H34Q
15| To analyse whether enzymatic activity could play a role in

Ig synthesis, PBMC were stimulated with different amounts
of enzymatically active or inactive rPLA, in the presence of
10 o rPLA-H34Q sCD40L and IL-4 as described [7]. As shown in Fig. 5(A),
IgE and IgG4 were produced in similar amounts after

[BH]TdR [cpm x 107%]

m rPLA-WT stimulation with either enzymatically active or inactive

5 rPLA. The effect of enzymatic PLA activity on differential
PLA-specific IgE and 1gG4 production was studied in
0 Lol el freshly purified autologous B cells, cocultured with speci-
0.01 0.1 1 10 fically activated T cells. The requirement of low Ag doses
Ag dose [uM] for in vitro induction of allergen-specific IgE was recently

discussed [7]. As shown in Fig. 5(B), there was no differ-
100 — ence in specific Ig production after stimulating the cells with

(i))/. either rPLA-WT or rPLA-H34Q.
Discussion

™

\IC_> / The aim of this study was to investigate whether the

X r— /4 phospholipase activity of PLA is involved in immunoregu-

£ . \,_-g——;:%a latory properties. Previous reports have shown that PLA can

§ 10 ==~ :O trigger degranulation and histamine release from the peri-

o :L__}\___ ____________ - toneal connective tissue of rats and mice [38]. Preincubation

,'E S ——a of the enzyme with a specific inhibitor significantly sup-

T -— pressed PLA-mediated degranulation. It was also reported

o . s that IL-4 production is triggered by enzymatically active
T T [ S Y PLA in non-sensitized rat basophilic leukaemia cells, but

not by enzymatically inactive PLA [40]. However, PLA
does not induce histamine release from basophils of bee
venom non-allergic patients [39]. The recombinant produc-
rPLAWT rPLA H34Q tion of enzymat?calﬁ/ active[ P]LA and the H34Q ppoint-
Fig. 3. Response of PBMC to rPLA-WT and to rPLA-H34Q. Both Mutated variant provide the possibility to study the effect
forms of PLA show same proliferative response reaching a plateaof enzymatic activity on the quality of immune response.
value at a concentration ofis (A). Proliferative T cell response Specific B cells present antigen most efficiently at low
to 1uM of the enzymatically active rPLA-WT and inactive rPLA- concentrations [7,49]. In spite of the low frequency of
H34Qin 11 allergic (solid lines) and 3 hyperimmune (dashed "”es)specific B cells, correctly folded PLA can bind directly to
in_d_ividuals. In all cases the prolifera}tive response was nOt_Sig'non-PLA-speciﬁc B cells, due to its high affinity for lipids
P;féczztls)é?/t[ae;egrgi)llatrhfeorhp\ enzymatic aCtg"ti’l' The gr°|'feratl'3"e (K* 10~ **M). Thus, non-specific B cells are able to present
P yperimmune and allergic donors (B). PLA to T cells with the same potency as PLA-specific B
cells [45]. This indicates that any cell expressing MHC class
of cultures with the same PLA preparation as used fonl molecules might act as APC for PLA molecules having
primary stimulation, in the presence of irradiated autologoushe correct three-dimensional configuration. Since rPLA-
PBMC. Both TH-type cytokines IL-4, IL-5 and IL-13, and H34Q is recognized and presented by B cells in the same
TH;-type cytokines IL-2 and IFM were secreted in equal manner as rPLA-WT, the enzymatic activity of PLA may
amounts after stimulation with rPLA-WT compared with have no effect on the uptake of the antigen. Therefore, the
rPLA-H34Q. In addition, the ratio of IL-4:IFM produced binding capacity of PLA, which also depends on the correct

© 1998 Blackwell Science LtdClinical and Experimental Allergy28, 839—-849
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structure of the enzyme [50], is responsible for differencesonstituents of the cellular membranes, by adf<10~*3

in immunological effects, rather than the enzymatic activity.M [53].

This was confirmed by Moolet al. [51], who showed that- Therefore, the conformation of an allergen appears to be

asparaginase frorrwinia chrysanthembound 8-fold less more important than the catalytic activity for MHC-expres-

wild-type specific Abs, after site-directed mutagenesissing cells may act as APC for PLA. This knowledge

(P285T), but had equal enzymatic activity. excludes that PLA enzymatic activity influences T cell
Exogenous antigens are taken up by APC, cleaved imand B cell responses. Furthermore, it implicates that inac-

endosomal compartments, and resulting peptides are préve PLA can be used in immunotherapy to avoid toxic side-

sented to T cells in complex with the MHC class Il effects during treatment.

molecule. Three linear T cell epitopes [29] and one carbo-

hydrate dependent, HLA-DR restricted epitope [52] Were, 4 nowle dgements

identified on the PLA molecule. The catalytically important

histidine at position 34 in PLA is not part of any of these The authors thank Dr Christoph H. Heusser and Dr Sefik S.

epitopes. We showed that T cell proliferation did not changeAlkan, Novartis AG, Switzerland and Dr Jan DeVries,

after stimulation with enzymatically inactive antigen com-

pared to its active form. In addition, the cytokine pattern 290 [ (a)  OIgE (fPLA-WT)

produced by rPLA-stimulated T cells was similar to the one__ B IgE (rPLA-H34Q)
induced by the enzymatically inactive analogue. This indi-‘gI 150 E1gG4 (rPLA-WT)
cates that neither the site-mutation at position H34, nor the@ A1gG4 (rPLA-H34Q)

enzymatic PLA activity, influenced T cell triggering for & 100
both Th, and Th cytokines.
Allergy to bee sting is largely related to excessive IgE
Abs production against the PLA [26,29-31]. In contrast,2
development of 1gG4 Abs against this molecule reflects

aG

50

normal immunity in exposed individuals [2,29]. However, 0
the absolute level of one or the other isotype does not 0 0.01 0.1 1
necessarily account for allergic or non-allergic responses. (PLA [uM]
Of more relevance is the ratio of specific IgE:lgG4 Abs [29—
31]. In these studies we show, that neither the absolute 08
amounts nor the ratio was altered by stimulating T cells with 7 ’ (b)
PLA, lacking enzymatic activity but still exhibiting the £ 0.7 m lgG4
correctly folded structure. Accordingly, modifications of 2 46l O IgE
the PLA molecule, which affect only the enzymatic activity, :
do not alter the allergic response of an individual. o 0.5
In conclusion, our results demonstrate that the enzymaticr—.m 0.4
activity of PLA has no effect on APC recognition, T cell 'S,
proliferation, cytokine pattern or Ig production. This further :( 0.3~
indicates that any MHC class Il expressing cell may act asg! 0.2
APC for PLA, provided that the antigen adopts the correct.5 0.1
three dimensional configuration. The reason for this is that
only the intact structure of PLA is able to bind to the 0 FPLA WT 'PLA H340

phospholipid enzymatic substrates, which are universal
Fig. 5. Determination of total and PLA-specific IgE and 1gG4.

A, PBMC were stimulated with 0, 0.01, 0.1, angdrh of rPLA-WT

Fig. 4. Cytokine response to enzymatically active rPLA-WT or or rPLA-H34Q, in the presence of IL-4 and sCD40L. Similar
inactive rPLA-H34Q. PBMC of 11 allergic patients (solid lines) amounts of IgE and IgG4 were measured in rPLA-WT and rPLA-
and three hyperimmune individuals (dashed lines) were stimulateéi34Q stimulated cultures after 12 daigs PBMC were specifically

with 1 um of rPLA. Cultures were supplemented with IL-2 and IL-4 stimulated and expanded with IL-2 and IL-4. After 12 days, cells
at day 7 and expanded when necessary. Cells were washed anetre washed and reconstituted with freshly purified autologous
restimulated with the same antigen, in the presence of autologol® cells, and stimulated with 0:610~* uM of the same PLA
irradiated PBMC, at day 12. Supernatants were harvested 16 h latpreparation. Supernatants were harvested after 12 days for deter-
for IL-2 and IL-4, and 48h later for IL-5, IL-13 and IFK: No mination of IgE anti-PLA and IgG4 anti-PLA Abs. The enzymatic
significant differences in cytokine production were observed.activity had no effect on production and release of PLA-specific
Background cytokine production in each patient wa20%. IgE and 1gG4.
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